Retinal vessel segmentation is important for the identification of many diseases including glaucoma, hyper-3 tensive retinopathy, diabetes, and hypertension. Also, retinal vessel diameter is associated with cardiovascular mortality.
The algorithm proposed in this paper is inspired by the SLT , which is useful for extracting lane markings from 17 a road image. In the next section, the SLT and its use for lane marking extraction will be described. Then,
18
properties of a lane and a vein will be compared and modifications on the SLT algorithm will be proposed for 19 vein detection. The SLT is designed to extract light stripes with vertical or near vertical slope. The SLT processes 17 images row by row independently. In each row of the image, for each pixel, it calculates the average of the pixels 18 on the left-hand side within the range, and then calculates the average of the pixels on the right-hand side within 19 the range. If the intensity value of the pixel (Ip ) minus a threshold ( T h) value is larger than both left average 20 ( Average L ) and right average (AverageR ), that pixel is estimated to be a feature point. As mentioned before, 21 a lane marking has a dark-light-dark (DLD ) property. DLD means that compared to the pixel intensity, the 22 pixels on the left and pixels on the right need to be darker. The used threshold (the threshold is set to be 4 23 for the experiments) is necessary to remove noise from homogeneous areas. The pseudo-code of the algorithm 24 is shown in Algorithm 1. The algorithm is illustrated in Figure 5 , where the test pixel is shown with a blue dot 25 and the area that is used to calculate the left average and the right average is shown with a yellow horizontal 26 line. different range values. Each feature map is then passed through image erosion and image dilation respectively to 10 remove disconnected noises before applying logical "OR " operator. Input and output feature maps can be seen 11 from Figure 6 . Subsequently, these four feature maps are combined together using a logical "OR " operator.
12
The pseudo-code of the algorithm is shown in Algorithm 2. even if there is a discontinuity, in the extracted vein one axis needs to be much larger than the other axis. 
shown on the right, it makes sense to use major axis length to eliminate small objects for vein segmentation. Figure 9 . To quantify the performance of the proposed 10 algorithm, three different metrics are used: sensitivity, specificity, and accuracy. Equations for these metrics 11 can be found below.
Sensitivity (SE) = T P/P
Specif icity (SP ) = T N/(T N + F P ) 
where T P stands for the total number of true positives, P stands for the total number of positives, 1 T N stands for the total number of true negatives, F N stands for the total number of false negatives, and F P 2 stands for the total number of false positives. It should be noted that only one metric, such as accuracy, is not 3 enough to truly quantify the algorithm. Vein pixels are only a small portion of the total number of pixels in the 4 image. Thus, the algorithms favouring true negatives to true positives can give higher accuracy but might not 5 segment out vein pixels as effectively as desired. Thus, sensitivity and specificity are also important metrics. 6 The proposed algorithm is tested for each set (three sets in total) separately and sensitivity, specificity, and 7 accuracy are measured for each image and their calculated mean values are shown in Table 1 .
8
In Table 1 , the sensitivity, specificity, and accuracy of the proposed algorithm and the algorithms in in terms of sensitivity, specificity, and accuracy in all sets of images. The test set is manually labelled twice. One set is then used as gold standard and the other set is used for 17 evaluating the proposed algorithm with respect to a human observer. The sensitivity, specificity, and accuracy 18 for the second human observer is measured and the obtained values can be seen from the first row of Table. 3.
19
It should be noted that the estimated sensitivity, specificity, and accuracy of the algorithms on the HRF 20 database considers all the input image pixels. However, in the DRIV E database, a mask image is provided 21 that delineates the FOV along with each input image (this was not available for the HRF database). Thus, while calculating sensitivity, specificity, and accuracy only the pixels within this mask are considered.
23
The sensitivity, specificity, and accuracy for the proposed algorithm on the DRIV E database can also 24 be seen from Table. 3. From Table. 3, it could be noticed that while the accuracy of the automated algorithms 25 are relatively closer to the human observer, the sensitivity of the human observer is by far better. Figure 9 : Example vein segmentation results, where in the first column, input images are shown, in the second column calculated veins for the input images are shown, and in the last column, manually labelled ground truth veins are shown. The proposed algorithm has an algorithmic complexity of O(N), where N is the number of pixels in the segmentation. A lane marking has a higher intensity compared to both its left-hand side and its right-hand side. thin SLT . It should also be noted that applying kernels with variable thickness and orientation is a common 7 practice for filters such as Match filters of steerable filters. By combining these outputs with logical " OR " 8 operator, the output gave high response to both vessels with different thickness and orientation. While, filters 9 like Match filter, gives high response to the stripe like pattern, it is not necessary for a structure to have LDL 
